2001). Photoinduced electron transfer and photovoltaic devices of a conjugated polymer with pendant fullerenes.
S2
indicative for iodo-substituted benzene rings and the resonances at δ 80.24 and 52.17 are characteristic for the cyclopropyl moiety. 5 In UV-Vis, S10b shows characteristic absorptions for a methanofullerene [330 nm (ε = 44100) , 433 nm (2870), 496 nm (1790), and 699 nm (272)], and also the FTIR-spectrum was in accordance with the proposed structure (ArOR (1209 and 1052 cm -1 ), fullerene (526 cm -1 )). The MALDI-TOF spectrum of S10b featured a parent peak at m/z = 1510.6. S10a: [ 5 , 6 ] -i s o m e r S10b: [ 6 , 6 ] Scheme 1. Synthesis of S10b a. 1. KOH, neat; 60 ºC, 3 h., 91 %; 1 b. Br(CH 2 ) 4 COCl, AlCl 3 , CH 2 Cl 2 , 0 ºC, 88 %; c. I 2 , KIO 3 , HOAc, H 2 SO 4 , H 2 O, ∆, 6h., 71 %; d. BBr 3 , CH 2 Cl 2 , 87 %; KOH, EtOH, H 2 O, 27 %; f. S3, K 2 CO 3 , MIBK, ∆, 16h., 93 %; g. TosNHNH 2 , EtOH, ∆, 3 h., 95 %; h. 1. NaOMe, py, 2. [60] fullerene, 65 °C, 16 h., 3. hν, ODCB, 500 W flood lamp, 2.5 h., 37 % (4 steps) .
Diethynylene monomer 2 (=S21) was readily synthesized starting from methylhydroquinone (S11) (Scheme 2). Etherification of S11 with 2-ethylhexyl-ptoluenesulfonate, followed by radical bromination using NBS in the presence of AIBN and ionic bromination with NBS, gave S13. Phosphonate S14 was obtained by treatment of S13 with triethylphosphite. For the central unit of S21 etherification of 4-S3 methoxyphenol with 3,7-dimethyloctyl-p-toluenesulfonate gave S16, which was then brominated to give S17, followed by bis-formylation using butyllithium and N,Ndimethylformamide to yield dialdehyde S18. A double Wittig Horner coupling of S14 and S18 gave S19 which was reacted with (trimethylsilyl)acetylene using a palladiumcatalyzed coupling to afford S21 after deprotection. RO S11: R = H S12: R = CH 2 CH(C 2 H 5 )(CH 2 ) 3 CH 3 S13 S14 S15: R' = H S16: R' = CH 2 CH 2 CH(CH 3 )(CH 2 ) 3 CH(CH 3 ) 2 S17 S18 S19: X = Br S20: X = C≡C-TMS General remarks pertaining to synthesis and characterization in Groningen.
All reagents and solvents were used as received or purified using standard procedures.
[60]Fullerene (99.5%) was purchased from Bucky USA and used without purification.
All reactions were performed under a nitrogen atmosphere unless indicated otherwise.
Nitrogen was deoxygenated using a copper column. Flash chromatography was performed using Kieselgel Merck Type 9385 (230-400 mesh are denoted in Hz. Multiplicities are denoted as follows: s = singlet, d = doublet, t = triplet, p = pentet, dd = double doublet, m = multiplet, br = broad. FT-IR spectra were recorded on a Mattson Galaxy 4020 instrument. UV-Vis spectra were recorded on a Hewlett Packard HP 8452 UV-Vis spectrophotometer. MALDI-TOF-MS measurements were performed on a Micromass TofSpec E ® apparatus (positive-ion reflectron mode) by using elemental sulphur as a matrix (See: Brune, D. C. Rapid Commun. Mass Spectrom. 1999, 13, 384-389) . Measurements were performed on 1/1 (v/v) aliquots of the analyte (1 mg/mL in CS 2 ) and the matrix (elemental sulphur: 20 mg/mL). HPLC analyses were performed on a Hewlett Packard HP LC-Chemstation 3D (HP 1100 Series) using an analytical Cosmosil Buckyprep ® column (4.6 x 250 mm). Elemental analyses were performed by the Microanalytical Department of this laboratory.
General remarks pertaining to synthesis and characterization in Eindhoven.
All reagents and solvents were used as received or purified using standard procedures. NMR spectra were recorded on a Bruker AM-400 spectrometer at frequencies of 400 and 100 MHz for 1 H and 13 C nuclei, respectively, or on a Varian Gemini spectrometer at frequencies of 300 and 75 MHz for 1 H and 13 C nuclei, respectively. Tetramethylsilane S5 (TMS) was used as an internal standard for 1 H NMR and CDCl 3 or CS 2 for 13 C NMR.
Elemental analyses were preformed on a Perkin Elmer 2400 series II CHN Analyzer. Gas 
Synthesis of 1-(3,4-dihexyloxyphenyl)-4-bromo-pentan-1-one (S3
). 2 5-Bromopentanoyl chloride (11.97 g, 60 mmol) was dissolved in CS 2 (75 mL). Aluminium trichloride (8.91 g, 67.2 mmol) was added in portions at 0 ºC. Subsequently, 1,2dihexyloxybenzene (S2) 1 (18.69 g, 67.2 mmol) in CS 2 (75 mL) was added. The reaction was allowed to stir until the end of visible gas evolution (± 45 min.). Subsequently, the reaction mixture was stirred for another 20 min. at 40 ºC. The reaction mixture turned reddish brown. Cooling to room temperature was followed by removal of the solvent in vacuo. The product was purified by repetitive column chromatography (silica gel; toluene : cyclohexane = 1 : 1) giving 23.31 g (53 mmol, 88 %) pure product 7; m.p.: 53.9 -54.4 °C; 1 H NMR (CDCl 3 , 300 MHz): δ 7.57 -7.52 (m, 3H), 6.87 (d, J = 8.4, 1H), 4.09 -4.03 (m, 4H), 3.46 (t, J = 6.5, 2H), 2.96 (t, J = 6.9, 2H), 2.02 -1.79 (m, 8H), 1.51 -1.44 (m, 4H), 1.40 -1.29 (m, 8H), 0.91 (t, J = 6.9, 6H); 13 C NMR (CDCl 3 , 75 MHz): δ 198. 30, 153.52, 148.89, 129.84, 122.58, 112.41, 111.60, 69.25, 69.04, 36.91, 33.37, 32.27, 31.54, 31.51, 29.11, 28.98, 25.65, 25.62, 23.13, 22.56, 13.98 
Synthesis of 1,4-diiodo-2,5-dimethoxy-benzene (S5). 3 1,4-Dimethoxybenzene
(13.32 g, 96.5 mmol), potassium periodate (8.23 g, 38.5 mmol) and iodine (27.0 g, 106 mmol) were dissolved in a mixture of acetic acid (600 mL), water (60 mL) and sulphuric acid (6 mL). The reaction mixture was heated under reflux for 6 h. After cooling to room temperature aqueous sodium dithionite (20 %) was added until the excess of iodine was S6 removed. The formed precipitate was filtered, washed with ethanol, dried in vacuo and crystallised from a mixture of methanol and chloroform yielding 20.96 g (53.7 mmol, 56 %) pure S5. A second crop was obtained from the mother liquor ( 152.90, 152.64, 148.81, 129.91, 122.69, 122.61, 112.38, 111.57, 86.28, 86.19, 70.29, 69.99, 69.19, 68.96, 37.61, 31.51, 31.48, 31.40, 29.08, 29.05, 28.97, 28.71, 25.65, 25.62, 25.59, 22.53, 21.31, 13.97 Synthesis of 1-(3,4-bis-hexyloxy-phenyl)-5-(4-hexyloxy-2,5-diiodo-phenoxy)pentane-1-on para-tosyl hydrazone (S9). 1-(3,4-Bis-hexyloxy-phenyl)-5-(4-hexyloxy-2,5-diiodo-phenoxy)-pentane-1-on (S8, 1.99 g, 2.46 mmol) and para-tosyl hydrazide (1.40 g, 7.50 mmol, 3.05 eq.) were dissolved in ethanol (50 mL). The resulting mixture was heated under reflux and the reaction was followed by TLC (silica gel, chloroform). 152.43, 150.70, 143.95, 135.43, 129.89, 129.45, 128.92, 128.16, 122.92, 122.56, 119.65, 112.43, 111.54, 86.34, 86.28, 70.27, 69.72, 69.09, 69.02, 37.61, 31.59, 31.51, 31.41, 29.21, 29.05, 28.87, 28.37, 26.48, 25.73, 25.65, 25.62, 22.96, 22.59, 22.53, 21.57, 13 152.94, 152.60, 150.18, 149.81, 143.81, 135.46, 129.49, 128.17, 127.88, 124.53, 122.67, 119.57, 113.84, 111.85, 86.26, 86.18, 70.30, 69.77, 69.40, 69.14, 37.59, 31.53, 31.40, 29.11, 29.05, 28.37, 25.63, 22.75, 22.54, 21.60, 13.97 ; FTIR (KBr): 3216 (m), 1598 and 1575 (m).
Synthesis of methanofullerene S10b (Monomer 1). 1-(3,4-bis-hexyloxy-phenyl)-
5-(4-hexyloxy-2,5-diiodo-phenoxy)-pentane-1-on para-tosyl hydrazone (S9, 1.14 g, 1.17 mmol) was dissolved in pyridine (40 mL, dry) and sodium methoxide ( 63, 152.22, 149.15, 148.63, 148.61, 147.77, 145.65, 144.97, 144.94, 144.90, 144.86, 144.79, 144.59, 144.57, 144.42, 144.23, 144.17, 143.85, 143.56, 143.52, 142.87, 142.82, 142.81, 142.79, 142.71, 142.68, 142.03, 141.94, 141.92, 141.91, 140.76, 140.52, 137.76, 137.65, 128.50, 125.01, 122.17, 122.13, 117.61, 112.81, 87.21, 87.16, 80.24, 69.82, 69.24, 69.20, 68.78, 52.17, 34.04, 32.08, 32.05, 31.93, 29.90, 29.66, 29.62, 26.31, 26.22, 24.21, 23.31, 23.28, 14.60 
Synthesis of 1,4-bis(2-ethylhexyloxy)-2-methylbenzene (S12).
Under an argon atmosphere methylhydroquinone (10 g, 80.5 mmol), 2-ethylhexyl-p-toluenesulfonate (48 g, 169 mmol) and tetrabutylammonium chloride (2.66 g, 9.6 mmol) were added to a suspension of K 2 CO 3 (66.3 g, 480 mmol) in dry 2-butanone (160 mL). The reaction mixture was stirred for 16 h at reflux temperature. After cooling, the suspension was filtered and the solvent was removed in vacuo. The resulting crude product was purified by column chromatography (silica gel, hexane/CHCl 3 2:1). Evaporation of the solvent yielded 28.3 g (93%) of S12 as a pure colorless oil: 1 H NMR (CDCl 3 ) δ 6.79 (d, 1H), 6.77 (d, 1H), 6.71 (dd, 1H), 3.83 (m, 4H), 2.25 (s, 3H), 1.7 (m, 2H), 1.48 (m, 16H), 0.98 (m, 12H); 13 C NMR (CDCl 3 ) δ 152. 95, 151.50, 127.99, 117.62, 111.66, 111.35, 70.94, 70.79, 39.62, 39.45, 30.68, 30.52, 29.11, 29.07, 24.05, 23.83, 23.08, 16.38, 14.09, 11.21, 11.09; GC-MS (Mw = 348.56) m/z = 348 [M] + . Bromo-2,5-bis(2-ethylhexyloxy)-4-bromomethylbenzene (S13) .
Synthesis of 1-
Under an argon atmosphere, NBS (6.12 g, 34.4 mmol) and AIBN (1.72 g, 10.3 mmol)
were added to a solution of S12 (10 g, 28 mmol) in dry CCl 4 (28 mL). After stirring for S10 1h under reflux, the reaction mixture was cooled to room temperature. The mixture was filtered and the solvent evaporated. To remove the last traces of AIBN and NBS, hexane was added to the residue, followed by filtration and evaporation of the solvent.
Subsequently, dry THF (28 mL) and NBS (6.63 g, 37 mmol) were added and the reaction mixture was stirred at reflux temperature for 1h. After evaporation of the solvent, hexane was added. The solution was filtered and the solvent removed in vacuo. After column chromatography (silica gel, hexane) and evaporation of the solvents, 3.5 g of S13 (24%) was obtained as a colorless oil. 20, 149.55, 125.87, 116.98, 115.61, 113.15, 72.35, 71.04, 39.50, 30.57, 30.46, 29.05, 23.97, 23.86, 23.01, 14.05, 11.16 .
Synthesis of diethyl[2,5-bis(2-ethylhexyloxy)-4-bromo-benzyl]phosphonate
(S14). Triethyl phosphite (1.55 g, 9.33 mmol) and S13 (3.15 g, 6.22 mmol) were stirred at 160 o C for 1.5 h. The reaction mixture was cooled to 75 o C and the ethyl bromide, formed during the reaction, and the excess of triethyl phosphite were distilled under reduced pressure. The product S14 was a light yellow oil. Yield 3.30 g (100% Synthesis of 1,4-dibromo-2-(3,7-dimethyloctyloxy)-5-methoxybenzene (S17). A solution of Br 2 (11.78 g, 73.74 mmol) in glacial acetic acid (30 mL) was added dropwise to a solution of 1-(3,7-methyloctoxy)-4-methoxybenzene (S16) (10 g, 37.82 mmol) in glacial acetic acid (45 mL) at 65 o C. After stirring during 45 min at 65 o C, the temperature was raised to reflux during 1h. The solution was then cooled to room temperature and subsequently poured on water (560 mL) and made alkaline with 2N NaOH (660 mL). The aqueous phase was extracted with CH 2 Cl 2 (3 x 200 mL). The combined organic layers were washed with brine and dried over MgSO 4 . The resultant crude product was purified by column chromatography (silica gel, hexane/CHCl 3 2:1)
Evaporation of the solvent yielded 12 g (75%) of S17 as a colorless oil: 1 H NMR (CDCl 3 ) δ 7.09 (s, 1 2H), 1.52 (m, 1H), 1.32 (m, 2H), 1.68 (m, 4H), 0.94 (d, 3H), 0.87 (d, 6H); 13 C S11 NMR (CDCl 3 ) δ 150. 34, 150.09, 118.38, 116.91, 111.11, 110.13, 68.57, 56.90, 39.13, 37.15, 35.97, 29.70, 27.92, 24.61, 22.66, 22.56, 19.64; m/z= 422 2-(3,7-Dimethyloctyloxy) -5-methoxybezene-1,4-dialdehyde (S18).
Synthesis of
Dibromide S17 (7 g, 16.58 mmol) was dissolved in dry diethyl ether (135 mL). The solution was cooled to -10 o C and 1.6 M n-buthyllithium hexane solution (24.87 mL) was added slowly. The reaction mixture was stirred for 5 min., then, the cooling bath was removed and dry DMF (3.23 mL) was added dropwise. 20, 155.47, 155.28, 129.08, 111.70, 110.58, 67.53, 56.10, 39.11, 37.13, 35.89, 29.83, 27.88, 24.60, 22.61, 22.51, 19.57 .
Synthesis
of (E,E)-1,4-bis[4-bromo-2,5-bis(2-ethylhexyloxy)styryl]-2-(3,7dimethyloctyloxy)-5-methoxybezene (S19). Phosphonate S14 (1.82 g, 3.23 mmol) was dissolved in dry DMF (10 mL) under an argon atmosphere and 0.43 g (3.9 mmol) of KtBuO were added to the solution. After 15 min, a solution of dialdehyde S18 (0.5 g, 150.98, 150.90, 149.92, 149.88, 127.10, 127.02, 126.90, 126.84, 123.41, 123.35, 123 .22, S15 Maldi spectrum (S 8 ) of monomer 1 (S10b) Chem. 1995, 60, 532-538.
